Hepatocellular damage is sometimes a feature of severe haemolytic disease during the newborn period and might be expected to lead to permanent liver damage in some cases. Gerrard (1952) , however, in a study of 226 cases of icterus gravis neonatorum, followed for more than five years, found little support for this hypothesis. His investigations included clinical examination, thymol turbidity tests and estimations of serum albumin and globulin. As part of a follow-up study of survivors of haemolytic disease of the newborn we therefore looked particularly for evidence of liver damage in a group of children who had had very severe haemolytic disease.
Material and Method
The children studied were born in Northumberland and Durham during the years 1948-1954 and were between 5 and 10 years of age at the time of follow-up. We consider that during this period full ascertainment of the disease in this community was achieved and that the cases are representative.
Three groups of children were selected forinvestigation.
Group 1. 135 children who had had very severe haemolytic disease of the newborn defined as follows: cord haemoglobin value less than 9 g./100 ml., or cord bilirubin value more than 6 mg./100 ml., or severe jaundice during the first week of life (bilirubin level more than 15 mg./100 ml. if known), or birth weight 5j lb. (2,493 g.) or less.
Group 2. 50 children from the same years who had less severe haemolytic disease of the newborn and on whom liver function tests were performed for comparison with the severely affected cases.
Group 3. 25 'normal' children of the same age-group. These were mainly children in hospital for surgical procedures such as herniorrhaphy, for the investigation of behaviour disorders, or for cardiac catheterization.
In addition to physical and audiometric examination, the results of which will be reported elsewhere, we asked specifically about the occurrence of jaundice after the neonatal period. We examined the children for clinical evidence of enlargement of liver or spleen, and blood was collected for liver function tests. Four empirical liver function tests and five serum enzyme assays were carried out, the tests being performed under routine conditions in the Department of Clinical Chemistry, Royal Victoria Infirmary, Newcastle upon Tyne.* In a few instances the amount of blood was insufficient for all tests to be performed, but in only two cases, both in Group 1, was it impossible to carry out any tests at all. The severity of haemolytic disease in Groups 1 and 2 is shown in Table 1 with regard to birth weight, cord haemoglobin and bilirubin levels.
The relative severity is reflected in the treatment employed. Of the 133 cases tested in the severe group, 68 received exchange transfusion (six multiple exchange transfusion), 41 had simple transfusion (many in the period before exchange transfusion was established as the treatment of choice) and the 24 remaining did not receive transfusion. Of the 50 less severely affected, 16 were treated by exchange transfusion, three by simple transfusion, while 31 did not receive any active treatment.
Results
In no instance was a history obtained suggestive of liver damage nor was splenomegaly found on clinical examination in any child.
The percentile weight distribution in the severe group followed the normal pattern, 47 Y/ being below and 53 % above the 50 percentile. With regard to height there was some evidence that the children were under average height, 40% being above and 60 % below the 50 percentile. The differences, however, were slight and mainly confined to children in the 25-50 and 50-75 percentiles; Table 4 we have shown the values for normals in the present series compared with 50 normal adults. The tests in each group were performed in the same laboratory using the same techniques although in different chronological periods.
Two children are of particular interest.
Case 1. When tested at the age of 6 years gave the following results, cephalin cholesterol flocculation + + +, thymol flocculation + +, thymol turbidity 6 units, zinc sulphate 8 units, alkaline phosphatase 33 units, copper oxidase 619 units, aldolase 18 units, S.G.O.T. 94 units and S.G.P.T. 350 units. This patient had been in contact with infective hepatitis and within two weeks his mother and brother developed infective hepatitis. The patient himself never became jaundiced, but the liver function tests repeated six months later were normal with the exception of a serum oxidase level of 475 units.
Case 2. The other child gave no history of contact with hepatitis, but all the empirical tests were abnormally high, although the enzyme values were within normal limits. At the time of this test the child was not well, although no specific diagnosis was ever made. When tested six months later normal values were obtained, except that the alkaline phosphatase level was 21 units.
In these two cases we consider that the abnormal values suggested an infective illness at the time of the tests and did not indicate permanent liver damage. Discussion Pathological changes in the liver of cases of haemolytic disease of the newborn have frequently been described. Hawksley and Lightwood (1934) reported cirrhosis, of varying degree, in seven out of nine cases who lived beyond 5 weeks, but not in six who died earlier. Henderson (1942) described established cirrhosis in macerated foetuses said to have haemolytic disease of the newborn. He also stated that nearly one-third of his cases of icterus gravis neonatorum showed evidence of fibrosis, usually following centrilobular necrosis, if they survived for more than a few weeks. These findings were supported in part by Gilmour (1944) , Lightwood and Bodian (1946) Harris, Andersen and Day (1954) described 16 cases of prolonged obstructive jaundice in a group of 231 children with haemolytic disease of the newborn. Three died at the end of one month, another at 2 years, but the remaining 12 were found to be healthy at the age of 5 years despite the fact that in eight, liver biopsy in the first six months of life had revealed excess haemopoiesis, giant-cell change and slight increase of fibrous tissue. Hsia and Gellis (1953) found no evidence of permanent liver damage in 23 such cases and Bowden and Donohue (1955) reviewing jaundice in the neonatal period considered that many reports of cirrhosis due to haemolytic disease of the newborn were not acceptable, as proof of immunization was often lacking. This seems to apply to the cases published by Braid and Ebbs (1937) and Drummond and Watkins (1946) . It may be that these familial cases were examples of the condition described as congenital hepatic fibrosis (Kerr, Harrison, Sherlock and Walker, 1961) . Bowden and Donohue felt that permanent liver damage due to haemolytic disease of the newborn was extremely rare even in cases with an obstructive element and considered that viral hepatitis, neonatal hepatitis and congenital biliary atresia were much more likely causes. Like most workers, they accept the presence of multinucleated giant-cell changes in the liver of infants as a non-specific reaction to injury.
In our experience the majority of deaths due to haemolytic disease of the newborn have occurred early in the neonatal period. Autopsy findings in the liver consist mainly of enlargement, congestion, fatty change, deposition of bile pigment and haemosiderin in hepatic cells and increase in haemopoiesis which may be very intense but unlikely to interfere mechanically with liver function. During the years from which these cases were drawn only seven infants showed definite histological evidence of liver tell damage. Two treated by exchange transfusion died in the first two days. In both the liver was enlarged and degenerative changes sometimes amounting to centrilobular necrosis were widespread. Another infant who died at 16 days due to widespread haemorrhage, showed scattered liver cell changes of degeneration and necrosis, with occasional multinucleated cells. The four remaining infants died during the first five months of life. Two were slightly jaundiced but showed definite cirrhosis, with an increase of interlobular and portal fibrous tissue. A third was not jaundiced and showed no increase of fibrous tissue but moderate giant-cell change was present. The fourth showed focal degenerative changes and slight giant-cell change.
In all these cases there was an excess of haemopoiesis and the altered cells contained abundant bile pigment with relatively little haemosiderin. These four cases have already been described by Bird (1953 We, therefore, conclude that permanent liver damage is unlikely to be a sequela of haemolytic disease, even when severe, but further study of infants with the 'inspissated bile syndrome' is required. Summary One hundred and thirty-three infants with severe haemolytic disease of the newborn and 50 with less severe haemolytic disease of the newborn were followed up at the age of 5 to 10 years. No evidence of permanent liver damage was detected on clinical examination or by a battery of four empirical and five serum enzyme tests.
The values of these tests in 25 normal children of this age-group are reported.
